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Abstract

Sixty plant specieswere collectedin the Ivory Coaston the basisof an ethnobotanicalliteratureusing the following threecriteria:
activity againstworms,diarrhoeaand/orabdominalpain.Eighty six plantextractswerepreparedusing90%ethanolandtestedfor potential
anthelminthicactivities with a larvicidal testof Haemonchuscontortus. 25.6%of theextractsshoweda high activity, 12.8%wereactive or
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arginally activeandtheremaining61.6%wereinactive. Thefactthatarelatively highpercentageof theplantsspecies(50%)hadanactivity
anbeexplainedby theinitial preselectionof theplantson thebasisof ethnobotanicalindications.

eywords: Anthelmintic;Sheep;Haemonchuscontortus; Medicinalplants;Ethnobotany

. Intr oduction

Infectionsof animalswith gastrointestinalnematodesare
world wide problem.Theseparasitescausefrequentlyim-
ortanteconomiclossesdueto mortality in thecaseof heavy

nfection. In addition, chronic infectionscausea lowering
f productivity, fertility, growth, milk andmeatproduction
Holmes,1985;Fox, 1997). The anthelminthicsdiscovered
ndusedsincethe ‘60s have permittedto limit theproblem
ntil theappearanceof resistanceandevenmulti-resistance

n nematodepopulations(Sangster, 1999;ZajacandGipson,
000). Actually, the situationbecomesvery problematicor
ven critical in certainregionsof the globe (Waller, 1997;
an Wyk etal., 1999;JacksonandCoop,2000).

Severalcontrolmeasuresareavailable(Waller, 1999) like
accination(Bain, 1999;Newton andMunn, 1999;Smith,
999), breedingof resistantsheepraces(Gray, 1997), im-
rovementof foodquality (Wallaceetal., 1998;Dattaetal.,
999;CoopandKyriazakis,1999;Knox, 2002) andbetter

∗ Correspondingauthor. Tel.: +41327183045.

methodsof breedinganddairy farming(Stearet al., 1998;
Barger, 1999; Niezenet al., 1999). In addition,biological
measuresarebeingdeveloped(deGiveset al.,1999;Larsen
1999;Penaetal.,2002) andtheuseof anthelminthicsalready
presenton themarket hasto beoptimised(Hennessy, 1997;
Smithetal.,1999;VanWyk andBath,2002). In spiteof these
efforts,thesearchfor new nematocidalsubstancesremainsa
priority (Gearyetal., 1999;Witty, 1999).

Since a long time, mankind has developedthroughou
theworld a traditionalmedicinebasedon theknowledgeof
medicinalplants.This knowledgegot enrichedover numer-
ousgenerationsdueto experimentationbut alsothroughob-
servationof animalbehaviour. Mostof thetime,thisinforma-
tion isonlyorally inheritedandis thereforein dangerof being
lost in favor of modernmedicine.However, it representsfor
the local populationa possibilityof simpleandcheaptreat-
ment.In addition,it is asourceof potentiallyimportantnew
pharmaceuticalsubstances.Theinterestandurgency of eth-
nobotanicalresearchis thusobvious (Schillhornvan Veen
1997;Hammondet al., 1997). Several moleculeswith an-
tiparasiticactivities,asfor examplequinineandartemisinin
E-mail address:bruno.betschart@unine.ch(B. Betschart). have beenidentifiedin plantsandareactuallywidely used



(Kayseretal.,2003), othersshow promisingnematicidalac-
tivities (Al-Qarawi etal., 2001;Onyeyili et al., 2001).

Only afew ethnobotanicalstudiesevaluatethetraditional
veterinarymedicine(LansandBrown,1998a,b;Vieiraetal.,
1999). Only a few publicationstreat the useof medicinal
plantsin theveterinarysettingof theAfrican continent(Aké
Assi, 1992;Bizimana,1994;Fakaeet al., 2000;Nfi et al.,
2001), but studiesverifying thepresumedactivitiesarerare.

Theresistanceagainstmedicallyactivesubstancesis par-
ticularly pronouncedin the caseof gastrointestinalnema-
todesof sheepandgoats(SangsterandGill, 1999) andespe-
cially in thecaseofHaemonchuscontortusRudolphi(1803),
which is an hematophagousnematodeof veterinaryimpor-
tancethroughouttheworld. In WestAfrica thisgastrointesti-
nal parasiteis dominantin ruminants(Achi etal., 2003).
Haemonchuscontortusdevelopsasfreeliving nematodes

fromtheeggstotheinfectiveL3 stage.Theruminantsbecome
infectedwith L3 while grazingandthefurtherdevelopment
of the parasitepassesvia several moultsto the adult stage,
which is finally localisedin the abomasum.The femaleof
Haemonchuscontortusproduces5000–10,000eggsperday
releasedwith the hostfaeces.The free living stagesof this
parasitecanthereforebeusedasa modelfor anthelminthic
bioassaysto testplantextractactivities.

In orderto identify anthelminthicactivities in plantsdif-
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tweenOctoberandDecemberof theyear1996.Voucherspec-
imensweredepositedat the “CentreSuissede Recherches
Scientifiques”,Adioupoudouḿe,IvoryCoast,in theNational
FloristicCenterof theIvory Coastandin theBotanicalInsti-
tuteof theUniversityof Neucĥatel,Switzerland.Samplesof
OmphalocarpumelatumMiers,Ceibapentandra(L.) Gaertn.
andGarciniakolaHeckelweretested,but couldnotbeadded
asvoucherspecimensto theherbarium.

2.2. Preparationof extracts

A totalof 86samplesfrom leaves,barkand/orrootsof the
60plantspecieswereused:25gof drypowderof eachsample
was extractedduring 12h in 250ml of 90% ethanolunder
constantagitationandat room temperature.After filtration
the ethanolwas evaporatedundervacuumin a Rotavapor.
Theextractwas lyophilizedandstoredat−20◦C.

2.3. Productionof Haemonchuscontortuseggs

Six to ninemonthsold femalesheepof thelocalSahelien
andDjallonké raceweretreatedby a singledoseof 2ml of
Levamisol,3.75%(LAPROVET) per10kg weightandkept
pairwiseduring 1 month in a box with a woodenbar bot-
tom. The absenceof any gastrointestinalparasitesin feces
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erentstrategiescanbeproposed:randomscreeningof alarge
umberof extracts,focusingononespecies,genusor family,

estingall partsof a specificplant for potentialactivities or
nally screeninga selectednumberof plantson thebasisof
thnobotanicinformation(FabricantandFarnsworth, 2001;
ates,2001). The lastapproachwas selectedfor this study,
uetoitsadvantageof rapidlyidentifyingalimitednumberof

nterestingplants.However, acertainrisk to misssomeplant
pecieswith potentialanthelminthicactivities hasto bead-
itted,becausesomeplantsmightnothavebeendocumente

n thetraditionalmedicine.

. Material and methods

.1. Plants

Severalethnobotanicalbooksontraditional,humanorvet-
rinarymedicinein Africa have beenconsulted(deKoning,
.,Rapportdestage,1970,ORSTOM; Abbiw,1990;AkéAssi
ndGuinko, 1991;Aké Assi, 1992; Iwu, 1993;Sofowora,
996;Weiss,1997), themajorsourcebeingthebookon“Tra-
itionalveterinarypracticein Africa” (Bizimana,1994). The
hoiceof the plantsandtheir partswas basedon threecri-
eria, namelyactive (a) againstworm affectionsin genera
wormsin general,roundworms,Guineaworms,flatworms),
b) againstdiarrhoeaanddysenteryand(c) againstabdomi-
alpain.Plantpartswerefinally collected,whichwerecited

or all possiblecombinationsof thesethreecriteria.
Sixty plant specieswerecollectedin the regions of the

avannahandthesecondaryrainforestof theIvory Coastbe-
asmicroscopicallyverified.Everyanimalwastheninfected
rally with a singledoseof 1500–3000third stagelarvaeof
aemonchuscontortus. Eggswerecollectedthreeweeksaf-

er theinfectionandtheeggspergram(epg)wasdaily deter-
ined.Thefeces,collectedduringa12hperiod,werediluted

n water, filteredthroughgauzeandthenthroughasievewith
meshsizeof 32�m. The sedimentswereresuspendedin
saturatedsolutionof glucoseandcentrifugedat 1500rpm
uring10min. Thesupernatantwas filtrated throughsieves
ith a meshsizeof 50 and32�m. Theegg suspensionwas
sedon thesameday.

.4. In vitro anthelmintictest

Thirty mgof thedryplantextractsweresolubilizedin 1ml
imethylsulfoxideandtested2–3 timesin duplicatesin the
ioassay. 20�l of serialaqueousdilutionsrangingfrom 1.7

o 1.3× 10−3 mg/mlwereusedin duplicateon96multiwell
lates.140�l of 2% agarwith 1% Fungizonekeptat 50◦C
ereusedto overlaytheextracts.After solidification,about
0 eggsof Haemonchuscontortuswereaddedto eachwell.
he plateswere incubatedfor 24h at 25◦C with a 100%

elativehumidity.
Twenty �l of a culture medium(composition:proteose

eptoneandyeastextract,0.5g eachin 100ml of Earlssalt,
0× dilutedin physiologicalsaltsolution)wasthenaddedin
rderto favour bacterialgrowth usedasthemajorsourceof
utrientsby thefreeliving larval stages.

Thesuccessfulhatchingof thelarvaewasmicroscopically
erified in thecontrolwells andthedegreeof hatchingwas
eterminedin thewells containingtheplantextracts.



Six days after inoculation the number of nematodes
present,the degreeof their development(proportionof ne-
matodesin thelarval stagesL1, L2 resp.L3) andtheviability
of thelarvaeweremicroscopicallyevaluatedin eachwell. A
highnematicidalactivity wasdefinedwhena95–100%total
larval mortality was observed.Eighty to ninetyfive percent
mortality was consideredasan intermediateactivity anda
low activity was monitoredwith amortalityof 60–80%.

Twenty�l MoxidectineandFenbendazole,two standard
anthelminthics,wereusedaspositive controls(from a stock
of 7.5mg/ml DMSO in aqueousdilutions of 0.28 to 1.7 ×
10−7 mg/ml). As negative controls wells were filled with
20�l deionizedwater.

3. Results

From the totally 60 plant speciescollectedin the field
(Table1 ), seven havebeencitedfor theiruseagainstworms,
diarrhoeaandabdominalpain together(Table4). Eighteen
specieswererecommendedagainstwormsanddiarrhoea,five
speciesagainstwormsandabdominalpaintogetherandfive
againstdiarrhoeaandabdominalpain.Twelve specieswere
indicatedagainstwormsonly, therestagainstoneof theother
two criteria.
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ORSTOM; Abbiw, 1990;Aké Assi andGuinko, 1991;Aké
Assi,1992;Iwu, 1993;Bizimana,1994;Sofowora,1996and
Weiss,1997). Thefinal choiceof thespeciescollectedwas
determinedby theavailability of theplantsin thefield.

Limiting thescreeningontheinformationpresentin tradi-
tionalmedicinehastheinconveniencethatunknownactivities
will notbedetected.In addition,thedegreeof anactivity can
vary in variouspartsof a plant(for instancebuds,or young,
agingor desiccatedleaves)andduringdifferenttime points
(morning,noonor evening,beginningor endof thedry sea-
son,etc).Themedicationsproposedby traditionalmedicine
are frequentlya mixture of several plantspreparedin dif-
ferentmanners(freshparts,exudates,ashes,teas,decoction
etc.).Thereareonlyfew scientificindicationsavailablewhich
demonstratea priori theefficacy of suchtraditionalmedica-
tions.Ethnobotanicalinformation,aspreciousasit maybe,
mustbeverifiedusingastandardizedtestsystem.

Theuseof Haemonchuscontortusasa testsystemis jus-
tified by the fact that this nematodeis an intestinalparasite
of economicimportancein the farmingof small ruminants.
Its free larval development,alsounderin vitro conditions,
allows a simplestandardizationbasedon mobility andmor-
phologicalparameters.

Theuseof FenbendazoleandMoxidectine,twocommonly
usedanthelminthicmoleculesaspositive controls,allowed

3

In the control wells of the bioassaythe hatchingrateof
aemonchuscontortuswasgenerallybetween90and100%,
ndonly in oneassaytheratewas between85 to 90%.The
eandevelopmentrateto the L3 larval stagewas between
5 to 75%. A 100% mortality was found at the L2 stage

n the wells containingthe anthelminthicsFenbenzadoleor
oxidectineup to adilution of 1.67× 10−7 mg/ml.
Among the 86 samples33 showed anthelminthicactivi-

ies(Table2). Twentytwoplantextractscausedamortalityof
5–100%of thelarvaeat thelastactivedilution correspond

ng to 0.43–1.7mg/ml of the extracts.A category of nine
xtracts,with aconcentrationrangeof 0.0963–1.7mg/ml,in-
ucedamortalityof 80–94%andfinally two extractscaused
60–79%mortality in therangeof 0.848–1.7mg/ml.Higher
oncentrationsof theextractsdid notresultin increasedmor-
ality rates.

. Discussion

Threecriteria(active againstworm affectionsin general
iarrhea/dysenteryandabdominalpain) frequentlyusedin

he ethnobotanicalliterature(for exampleBizimana,1994)
ereusedto selectplantswith a potentialactive substanc
gainstnematodes.Priority was given to plants indicated
gainstworms, becausediarrhoeaand abdominalpain on

heirown canbedueto eitheraninfectionby gastrointestina
ormsor numerousothertroublesof the digestive system
n exhaustive list of plantswasprepared(unpublisheddata)
nthebasisof thetraditional,humanandveterinarymedicine

iteratureof Africa (de Koning,J., Rapportde stage,1970,
thevalidationof thetestsystemin theabsenceof astandard-
ized plant extract. It is obvious that the plant samplesare
testedat higherconcentrationlevels, sincethe components
arenot purifiedandtheactive moleculesrepresentprobably
only a fraction of the total sample,explaining the factorof
10−7 of differencebetweenthe standardsandthe plant ex-
tracts(Rates,2001).

Theresultsof theanthelminthicactivitiesobtainedwithin
a family or a speciesdeviatedsometimesfrom theexpected
outcome:for instance,RauvolfiavomitoriaAfzel., a species
very often cited and thus promising,was finally found to
beinactive. On theotherhandParinari excelsaSabine,cited
onlyoncetobeindicatedagainstdiarrhoeaandthusapriori of
little interest,showedahighactivity in thebioassay. Certain
plantsshowed an activity in all partstested,as in the case
of theleavesandthebarkof TerminaliaavicennioidesGuill.
& Perr. Crossopteryxfebrifuga (Afzel. ex G. Don) Benth.,
however, hadstrongactivities in the leaves,moderatelyin
the bark and no activity in the roots.Suchresultsare not
surprisingin view of the ethnobotanicalinformationbased
exclusively onempiricaltherapeuticindications.

In fact, amongthe highly active plant speciesidentified
with our test system,XimeniaamericanaL., Khayasene-
galensis(Desv.) A. Juss.andAnnonasenegalensisPers.were
indeedmostfrequentlycited for theuseagainstwormsand
diarrhea(Table2). 25.6%of theplantextractsand31.7%of
speciestestedshowed relatively high activities. If the ex-
tracts or specieswith moderateto low activities (leading
to 60–95%mortality) are included,the percentagesof ac-
tive samplesincreaseto 30.4 resp.50% (Table3 ). The 30
plant specieswith an anthelminthicactivity wereanalysed



Table1
List of theplantspeciesselectedusingethnobotanicalinformations

Family/species/(voucher specimena) Plant part citedb Traditional usec

Worms Diarrhea Abdominal pains

Aloaceae
Aloe buettneriBerger (387309) Leaf 1, 4

Anacardiaceae
Pseudospondias microcarpa(A. Rich.) Engl. (387186-8) Leaf, root 4

Annonaceae
Annona senegalensisPers. (387281-3) Bark, fruit, leaf, root, seed,

stem root, stem
1, 2, 4 1, 3, 4

Xylopia aethiopicaA. Rich. (387234/93) Bark, fruit, seed 1, 4, 5 1, 5
Apocynaceae
Rauvolfia vomitoriaAfzel. (387300-1) Bark, leaf, root, stem root 8 1, 6 1, 8

Asteraceae
Ageratum conyzoidesLinn. (387312) Leaf, root, whole plant 5, 8
Erigeron floribundus(H.B. & K.) Sch. Bip. (387296-7) Leaf 8
Bidens pilosaL. (387311) Leaf 4, 6
Vernonia nigritianaOliv. & Hiern. (387202-4) Root 1

Bombacaceae
Adansonia digitataL. (387322-3) Leaf, seed, fruit pulp 1, 2 1, 3, 4
Ceiba pentandra(L.) Gaertn. (−) Bark, leaf, root 4 1

Caesalpiniaceae
Cassia occidentalisL. (387287-8) Leaf, root, seed 1, 2, 4
Cassia sieberiana var villosaA. Chev. (387213-4) Leaf 1 1
Cassia toraL. (387290-2) Root 4
Piliostigma thonningii(Schumach.) Milne-Redh (387279-80) Bark, bud, leaf 1, 3 3

Caricaceae
Carica papayaL. (387212/7310) Bark, fruit, leaf, root, sap,

seed, shoot, stem root
3, 4, 5 3, 8

Chrysobalanaceae
Parinari curatellifoliaPlanch. ex Benth. (387209-11) Stem 4
Parinari excelsaSabine (387260-2) Fruit 1

Clusiaceae
Garcinia kolaHeckel (−) Fruit, seed 1 5

Combretaceae
Anogeissus leiocarpa(DC.) Guill. & Perr. (387239-41) Bark, coal, fruit, leaf, root,

seed, stem
2, 4, 5 1, 3

Terminalia avicennioidesGuill. & Perr. (387286) Leaf, root, stem root 2, 4 1

Connaraceae
Cnestis ferrugineaVahl. ex DC (387202-07) Leaf, root, stem root 1 8

Ebenaceae
Diospyros mespiliformisHochst. ex A. DC. (387275-8) Ba, Lf, Sb 2, 4

Euphorbiaceae
Flueggea virosa(Roxb. ex Willd.) Voigt (387273-4) Leaf, stem 1
Jatropha curcasL. (387249) Leaf ashes, bark, leaf, root,

seed
1, 3, 5 1, 5

Ricinus communisL. (387263-5) Leaf, seed 1 4

Fabaceae
Dalbergiella welwitschii(Bak.) Bak. F. (387319-21) Leaf 1 8
Erythrina senegalensisA. DC. (387189) Bark, root 4 1

Humiriaceae
Sacoglottis gabonensis(Baill.) Urban (387302-3) Bark 8

Hypericaceae
Harungana madagascariensisLam. ex Poir. (387215-6) Bark, berry, bud, leaf, root,

stem
1, 4 1, 6 1

Lecythidaceae
Napoleonea leonensisHutch. & Dalz. (387228-9) Leaf 8

Malvaceae
Sida acuta subsp carpinifolia(L. f.) Borss. (387270-1) Leaf 4

4



Table1 (Continued)

Family/species/(voucher specimena) Plant part citedb Traditional usec

Worms Diarrhea Abdominal pains

Melastomataceae
Heterotis rotundifolia(Smith) Jac.-F́el. (387176-7) Leaf 5 6

Meliaceae
Khaya senegalensis(Desv.) A. Juss. (387217-9) Bark, leaf, stem 1, 2, 4, 5 4, 5 1

Mimosaceae
Albizia anthelminticacf Brongn. (387298-9) Bark 4 4
Pentaclethra macrophyllaBenth. (387190) Bark 1 8

Moraceae
Ficus exasperataVahl (387245) Leaf 1 1
Musanga cecropioidesR. Br. (387178-9) Coal, stem bark, wood 8 8

Myristicaceae
Pycnanthus angolensis(Welw.) Warb. (387225-7) Root 1, 8

Olacaceae
Ximenia americanaL. (387201) Fruit, leaf, root, stem root 1, 5, 7 1, 3, 4, 7 3

Opiliaceae
Opilia amentaleaRoxb. (387180/387237-8) Leaf, root 1, 4 4

Pandaceae
Microdesmis puberulaHook. F. ex Planchon (387250-2) Bark, leaf 1 1, 8

Passifloraceae
Adenia lobata(Jacq.) Engl. (387313-4) Leaf 8

Piperaceae
Pothomorphe umbellataL. (387235-6) Fruit, root, stem 1, 5 8

Poaceae
Pennisetum purpureumSchumach. (387289) Leaf, stem 4

Polygalaceae
Securidaca longipedunculataFres. (387258-9) Leaf, root 4

Rhamnaceae
Ziziphus mauritianaLam. (387181-5) Bark, leaf, root 1 1

Rubiaceae
Crossopteryx febrifuga(Afzel. ex G. Don) Benth. (387197-00) Bark, leaf, root, stem bark 1, 3 1, 3 1
Mitragina ciliataAubrév. & Pellegr. (387284-5) Bark, leaf 8 1, 5
Mitragina inermis(Willd.) O. Ktze. (387191-5) Bark, leaf 2, 4 1
Morinda longifloraG. Don (387230-3) Fruit, leaf, root 5 5 8
Nauclea latifoliaSm. (387307-8) Bark, leaf, root 4, 6 1, 6 1

Rutaceae
Zanthoxylum xanthoxyloides(Lam.) Zepernick & Timber (387196/387208) Fruit, leaf, pulp, stem bark 1, 5 1 1

Sapotaceae
Omphalocarpum elatumMiers (−) Bark 8

Scrophulariaceae
Scoparia dulcisL. (387318) Leaf 8

Solanaceae
Nicotiana tabacumL. (387266-9) 4

Sterculiaceae
Cola caricaefolia(G. Don) K. Schum. (387246-8) Leaf 8 8

Ulmaceae
Trema orientalis(L.) Blume (387242-3) Leaf, root 1, 3, 6 1

Zingiberaceae
Aframomum danielli(Hook. f.) K. Schum. (387294-5) Leaf 8
Aframomum sceptrumc (Oliv. & Hanb.) K. Schum. (387315-6)
a Identification number, herbarium at the University of Neuchâtel, Suisse. Three plant species were tested, but not deposited as voucher specimens (−).
b Literature sources used for the plant selection: (1) Abbiw; (2) Aké-Assi; (3) Aḱe-Assi & Guinko; (4) Bizimana; (5) Iwu; (6) de Koning, J. Rapport de

stage. 1970. ORSTOM; (7) Sofowora; (8) Weiss.
c Aframomum sceptrum(Oliv. & Hanb.) K. Schum. was collected without a particular ethnobotanical indication in order to compare the activity in within

the same genus.
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Table2
Activitiesof plantsamplestested

Plant species Number of citations
found for each criteriaa

Total
citations

Plant parts
tested

Minimal active
concentration
(mg/ml)W D A

Highly active with 95–100% larval mortality
Annona senegalensisPers. 3 3 – 6 Stem bark 0.43

Bark 0.43
Anogeissus leiocarpus(DC.) Guill. & Perr. 3 2 – 5 Stem bark 0.43
Crossopteryx febrifuga(Afzel ex G. Don) Benth. 2 2 1 5 Leaves 0.43–0.849
Flueggea virosa(Roxb. ex Willd.) Voigt – 1 – 1 Leaves 1.7
Harungana madagascariensisLam. ex Poir. 2 2 1 5 Bark 0.849
Jatropha curcasL. 3 2 – 5 Root 0.849
Khaya senegalensis(Desv.) A. Juss. 4 2 1 7 Bark 0.849–1.7
Musanga cecropioidesR. Br. 1 1 – 2 Stem bark 0.849
Napoleonea leonensisHutch. & Dalz. – 1 – 1 Leaves 1.7
Omphalocarpum elatumMiers – – 1 1 Bark 0.849
Parinari excelsaSabine – 1 – 1 Bark 0.849
Piliostigma thonningii(Schumach.) Milne-Redh – 2 1 3 Bark 0.849
Sacoglottis gabonensis(Baill.) Urban – – 1 1 Bark 0.43–0.849
Securidaca longipedunculataFres. 1 – – 1 Leaves 0.849

Root 0.849
Terminalia avicennioidesGuill. & Perr. 2 1 – 3 Bark 0.849

Leaves 0.849
Trema orientalis(L.) Blume 3 1 – 4 Root 0.849
Ximenia americanaL. 3 4 1 8 Root 0.849
Xylopia aethiopica(Dun.) A. Rich. 3 2 – 5 Bark 0.43
Ziziphus mauritianaLam. 1 1 – 2 Leaves 1.7

Active with 80–95% larval mortality
Adansonia digitataL. 2 3 – 5 Leaves 0.43–0.849
Cassia sieberianaDC. 1 – – 1 Leaves 0.849
Ceiba pentandra(L.) Gaertn. 1 1 – 2 Bark 0.0963/1.7
Crossopteryx febrifuga(Afzel. Ex G. Don) Benth. 2 2 1 5 Bark 0.0963
Diospyros mespiliformisHochst ex A. DC. 2 – – 2 Bark 0.849
Mitragina inermis(Willd.) O. Ktze. – 2 1 3 Bark 0.849–1.7
Parinari curatellifoliaPlanch. ex Benth. 1 – – 1 Stem 0.849
Pycnanthus angolensis(Welw.) Warb. 2 – – 2 Bark 1.7
Zanthoxylum xanthoxyloides(Lam.) Zepernic 2 1 1 4 Leaves 0.849–1.7

Marginally active with 60–80% larval mortality
Microdesmis puberulaHook. ex Planch. 1 2 – 3 Leaves 1.7
Morinda longifloraG. Don 1 1 1 3 Root 0.849–1.7
a W: indicated against worm infections in general; D: indicated for diarrhoea; A: indicated against abdominal pain.

according to the three ethnobotanical criteria used (Table 1)
and some of these plant species were cited several times.
Twenty one of them were recommended to be used against
worm affections in general (Table 4) corresponding to 50%

Table 3
Plant extracts and plant species with larvicidal activities

Categories Number Percentage

Extracts
Total number of extracts tested 86 100
Highly active extracts 22 25.6

Active and marginally active extracts 11 12.8
Inactive extracts 53 61.6

Species
Total number of species tested 60 100
Highly active species 19 31.7
Active and marginally active species 11 18.3
Inactive species 30 50

of all plants cited (N = 42). The most efficient indications
in the category of worms in general were the citations of a
given plant species to be used against worm affection only,
the combination against worms and diarrhoea, and those
against worms, diarrhoea and abdominal pain together. In
order to select a plant species the combination of the three
main criteria as well as the combination of the criteria against
worms and diarrhoea renders the best results (Table 4). This
seems logical because diarrhoea/dysentery and abdominal
pain are symptoms frequently associated with the presence of
worms.

However, if the citation of a plant against diar-
rhoea/dysentery can be a useful indication similar to the one
against worms, the abdominal pain as a parameter on its own
is less important. A statistical analysis is not useful, because
of the intentionally biased search of plants. In order to make
a statistical evaluation a parallel random large scale sampling
procedure would be necessary.
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Table4
Activitiesof plantspeciesin relationto thethreemainselectioncriteria

Criteria Total plant species Highly active Percentage All active categories Percentage

Worm affections in general 42 14 33.3 21 50
Worms only 12 2 16.7 5 41.7
Worms and diarrhoea 18 8 44.4 10 55.5
Worms and abdominal pain 5 0 0 2 20
All three criteria together 7 4 57.1 4 57.1

Diarrhoea in general 36 15 41.7 18 50
Diarrhoea only 6 2 33.3 2 33.3
Diarrhoea and abdominal pain 5 1 20 2 40

Abdominal pain in general 23 7 30.4 10 43.5
Abdominal pain only 6 2 33.3 2 33.3

A plant extract showing no anthelminthic activity can not
be considered as being completely inactive. Activities result-
ing of mixtures of different plant species or from a special
preparation procedure of the plant can be absent in isolated
extracts. The extraction method using 90% ethanol does not
guarantee a complete extraction of potential active molecules.
In addition, the larval development test has also its limits,
because it does not allow to detect all potential biological
activities against helminths (Kotze et al., 1999; Varady and
Corba, 1999). It would also be indispensable to test again ex-
tracts studied in this work using samples obtained from other
individuals of the same species collected at different seasonal
periods of the year and from other regions in order to verify
the results before proceeding to more detailed studies.

Our results should therefore permit the verification of
the initial hypothesis that screening based on ethnobotan-
ical indications will allow an efficient discovery of active
species compared with a random screening (Fabricant and
Farnsworth, 2001).
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